Two novel violet-pigmented, Gram-negative, rod-shaped, non-motile bacteria, designated strains M4-16 T and M4-9, were isolated from sediment from an Arctic glacier. The predominant fatty acids of both strains were C 16 : 1 v7c and/or C 16 : 1 v6c (summed feature 3), C 16 : 0 , C 14 : 0 and C 18 : 1 v7c and/or C 18 : 1 v6c (summed feature 8) and both strains contained ubiquinone-8 as the respiratory quinone. The polar lipids consisted of phosphatidylethanolamine, two unidentified phospholipids and one unidentified aminolipid. 16S rRNA gene sequence analysis indicated that strains M4-16 T and M4-9 were members of the genus Iodobacter and closely related to The genus Iodobacter, was established with a single species, Iodobacter fluviatilis, by Logan (1989) . Iodobacter fluviatilis is a Gram-negative, straight, motile rod, producing the violet-coloured pigment, violacein. Colonies of Iodobacter fluviatilis are of butyrous consistency and usually differ from those of members of the genera Chromobacterium and Janthinobacterium by being very thin, with rough surfaces and irregular edges, and spreading to 1 cm or more in diameter. Iodobacter fluviatilis grows at 4 to about 30 u C, (optimum approximately 25 u C), and is a chemo-organotrophic, facultative anaerobe which can attack carbohydrates fermentatively without gas production. Members of the genus Iodobacter have a DNA G+C content ranging between 50 and 52 mol%, and differ from members of the genus Chromobacterium by the inability to grow at 37 u C and from members of the genus Janthinobacterium by anaerobic growth and fermentative attack of carbohydrates. Members of the genus Iodobacter have been isolated from different habitats, such as running fresh water in England and Scotland (Logan, 1989), soil (Ryall & Moss, 1975) , Antarctic lakes (Wynn-Williams, 1983) and Arctic glacier retreat water sediments (Vardhan Reddy et al., 2009) . In the present study we used a polyphasic approach (Vandamme et al., 1996) to characterize and classify strains M4-16 T and M4-9, which were isolated from arctic sediment. From the results of phylogenetic and phenotypic analyses, the strains were proposed as representatives of a novel species of the genus Iodobacter.
The genus Iodobacter, was established with a single species, Iodobacter fluviatilis, by Logan (1989) . Iodobacter fluviatilis is a Gram-negative, straight, motile rod, producing the violet-coloured pigment, violacein. Colonies of Iodobacter fluviatilis are of butyrous consistency and usually differ from those of members of the genera Chromobacterium and Janthinobacterium by being very thin, with rough surfaces and irregular edges, and spreading to 1 cm or more in diameter. Iodobacter fluviatilis grows at 4 to about 30 u C, (optimum approximately 25 u C), and is a chemo-organotrophic, facultative anaerobe which can attack carbohydrates fermentatively without gas production. Members of the genus Iodobacter have a DNA G+C content ranging between 50 and 52 mol%, and differ from members of the genus Chromobacterium by the inability to grow at 37 u C and from members of the genus Janthinobacterium by anaerobic growth and fermentative attack of carbohydrates. Members of the genus Iodobacter have been isolated from different habitats, such as running fresh water in England and Scotland (Logan, 1989) , soil (Ryall & Moss, 1975) , Antarctic lakes (Wynn-Williams, 1983) and Arctic glacier retreat water sediments (Vardhan Reddy et al., 2009) . In the present study we used a polyphasic approach (Vandamme et al., 1996) to characterize and classify strains M4-16 T and M4-9, which were isolated from arctic sediment. From the results of phylogenetic and phenotypic analyses, the strains were proposed as representatives of a novel species of the genus Iodobacter.
Strains M4-16
T and M4-9 were isolated from meltwater stream sediment of the Midtre Lovénbreen glacier, an Arctic glacier (GPS positioning 78u 539 7030 N 12u 029 0 4750 E) on 13 August 2007. The same sediment sample yielded two different violet colonies from which strains M4-16 T and M4-9 were purified. The sediment sample had a pH of 7.0. The mean air temperature at the time of collection was 4.5 u C and the temperature of the sediment near the snout of the glacier was approximately 4 u C. Approximately 100 mg of the sediment sample was suspended in 900 ml sterile water and subjected to shaking for 2 h at 20 u C. The supernatant was serially diluted and 100 ml was plated on Antarctic Bacterial Medium (ABM) plates [peptone (0.5 %, w/v), yeast extract (0.2 %, w/v) and agar (2 %, w/v)] with pH 7 and incubated at 10 u C for 15 days. The total bacterial count in the sediment samples was determined by epifluorescence using the BacLight Bacterial Viability kit (Invitrogen) according to the manufacturer's instructions. Bacteria were counted in a Petroff-Hausser counter using a fluorescent microscope (Axioplan 2; Zeiss). Different morphotypes were purified and maintained on ABM plates. Based on the colony morphology, two violet colonies of different shades were selected and characterized in the present study.
Strains M4-16 T and M4-9 were characterized simultaneously with Iodobacter fluviatile JCM 9044 T , which was procured from the Japan Collection of Microorganisms (JCM). Colony morphology was examined following growth on ABM at 18 u C for 72 h. Cell morphology and motility were observed by using phase-contrast microscopy (Axioplan 2; Zeiss). Motility was also assessed on Motility-Indole-Lysine HiVeg medium (cat. no. MV847; HiMedia) containing 2 g agar l 21 (by inoculating the active culture suspension using a sterile inoculation needle and checking for spreading of the growth in the medium) and also by phase-contrast microscopy. Growth at 4, 10, 18, 30, 37 and 40 u C was ascertained using ABM agar medium. Salt tolerance [0, 1, 2, 3, 4, 5, 6, 8 and 10 % (w/v) NaCl] was ascertained using ABM agar medium containing (l
21
) peptone (5 g), beef extract (3 g) and agar (20 g). Growth of strains M4-16 T and M4-9 at pH 5, 6, 7, 7.5, 8, 8.5, 9, 9.5, 10, 11 and 12 was assessed on ABM buffered with citric acid/NaOH (for pH 5 and 6), NaHPO 4 /Na 2 HPO 4 (for pH 7 and 8), glycine/NaOH (for pH 9 and 10) or Tris/HCl or NaOH (for pH 11 and 12). Biochemical characteristics such as activity of oxidase, catalase, lysine decarboxylase and ornithine decarboxylase; nitrate reduction; hydrolysis of aesculin, casein, DNA, gelatin, ONPG, starch, Tween 40, Tween 60 and urea; carbon source assimilation; H 2 S production and sensitivity to 24 different antibiotics using the disc diffusion method with commercially available discs (HiMedia) were determined by previously described methods (Lányí, 1987; Smibert & Krieg, 1994) . Anaerobic growth was assessed by streaking the cultures on anaerobic agar (HiMedia) slants and flushing with N 2 to expel all the air. Biochemical characteristics were also assessed using the Hi25 Enterobacteriaceae identification kit (cat. no. KB003; HiMedia) and the HiCarbohydrate kit parts A, B and C (cat. no. KB009; HiMedia) according to the manufacturer's protocol.
Fatty acid methyl esters were prepared and analysed using the Sherlock Microbial Identification System (MIDI-6890 with database TSBA6) according to the standard protocol. For this purpose, strains M4-16 T and M4-9 were grown for three days and Iodobacter fluviatilis JCM 9044 T was grown for two days on TSA plates at 18 u C to get cultures of the same physiological age. Menaquinones and polar lipids were determined in freeze-dried cells. Menaquinones were extracted as described by Collins et al. (1977) and were analysed by HPLC (Groth et al., 1997) . Polar lipids were extracted and analysed according to the method described by Komagata and Suzuki (1987) . DNA of strains M4-16 T and M4-9 was isolated according to the procedure of Marmur (1961) and the G+C content of the DNA was determined from melting point (T m ) curves (Sly et al., 1986) obtained by using a Lambda 2 UV-Vis spectrophotometer (Perkin Elmer) equipped with the Templab 2.0 software package (Perkin Elmer). Escherichia coli strain DH5-a DNA was used as a standard in determining the DNA G+C content.
For 16S rRNA gene sequencing, DNA was prepared using a microbial DNA isolation kit (Mo Bio Laboratories) and sequenced as described by Lane (1991) . The resultant sequences of the 16S rRNA gene (1541 and 1533 nt of strains M4-16 T and M4-9, respectively) were subjected to BLAST sequence similarity searches (Altschul et al., 1990) and the EzTaxon-e server (Kim et al., 2012) was used to identify the nearest taxa. All the 16S rRNA gene sequences of closely related members of the family Neisseriaceae were downloaded from the NCBI database (http://www.ncbi. nlm.nih.gov) and aligned using the CLUSTAL X program (Thompson et al., 1997) and the alignment was then corrected manually. Phylogenetic trees were reconstructed using two tree-making algorithms, the maximum-likelihood method using the PhyML program (Guindon et al., 2005) and the neighbour-joining method (Saitou & Nei, 1987) using the PHYLIP software package, version 3.5 (Felsenstein, 1993) , and the tree topologies were evaluated by bootstrap analysis based on 1000 resamplings using the SEQBOOT and CONSENSE programs in the PHYLIP package. Pairwise evolutionary distances were computed using the DNADIST program with Kimura's two-parameter model (Kimura, 1980) . DNA-DNA hybridization was performed by the membrane filter method (Tourova & Antonov, 1987) as described previously (Reddy et al., 2000; Shivaji et al., 1992) . RAPD-PCR-based genomic fingerprinting of strains M4-16 T , M4-9 and Iodobacter fluviatilis JCM 9044 T was carried out according to the procedure of Shivaji et al. (2000) with the primer AP-4, 59-CCGCAGCCAA-39.
The total bacterial count obtained was approximately 3.1610 7 per g of sediment. A total of 17 morphotypes were identified and isolated as pure cultures (Vandamme et al., 1996) . Based on colony morphology, two violet colonies with different shades (dark and light) were selected and the purified strains, M4-16 T and M4-9, were phylogenetically close to Iodobacter fluviatilis ATCC 33051 T (Fig. 1) . Cells of strains M4-16 T and M4-9 were Gram-stain-negative, nonmotile, oval to rod-shaped, 0.5-0.6 mm wide and 1.0-1.5 mm long and multiplied by binary fission. Colonies were irregular, ,1 mm in diameter, wrinkled, moist, viscous, violet, opaque and flat with curled margins on ABM agar at 18 u C. Both strains were catalase-positive but negative for oxidase, lysine decarboxylase, ornithine decarboxylase and phenylalanine deaminase activities. Strains M4-16 T and M4-9 reduced nitrate, and hydrolysed chitin and Tween 40 but not aesculin, agar, casein, DNA, gelatin, ONPG, starch, Tween 60 or urea. Both strains were negative for indole and H 2 S production, and for methyl red and Voges-Proskauer reactions. Growth was observed at 4-30 u C (optimum, 18 u C), at 0-0.5 % (w/v) NaCl (optimum, 0.5 %) and at pH 5-7 (optimum, pH 7). Other characteristics of strains M4-16 T and M4-9 are presented in Table 1 and the species description.
The cellular fatty acid composition of strains M4-16 T and M4-9 showed a spectrum of 9 and 7 fatty acids, respectively, with a pronounced dominance (.5 %) of C 16 : 1 v7c and/or C 16 : 1 v6c (summed feature 3), C 16 : 0 , C 14 : 0 and C 18 : 1 v7c and/or C 18 : 1 v6c (summed feature 8) ( Table 2) . Compared with Iodobacter fluviatilis JCM 9044 T the composition of fatty acids differed considerably in strains M4-16 T and M4-9 ( Table 2 ). The major respiratory quinone in strain M4-16
T was UQ-8 (78.5 %) with minor amounts of UQ-6 (21.5 %). The major respiratory quinone of Iodobacter fluviatilis JCM 9044
T was UQ-8 (77.7 %) with minor amounts of UQ-10 (22.3 %). The polar lipid profile of strain M4-16 T consisted of phosphatidylethanolamine (PE), two unidentified phospholipids (PL1 and PL2) and one unidentified aminolipid (AL1) ( Table 1 and Fig. S1a , available in IJSEM Online). Strain M4-9 consisted of similar profiles except that three unidentified phospholipids (PL1, PL3 and PL4) were present (Table 1 and T was also similar to that of strain M4-16 T except that it contained one more unidentified phospholipid (PL3) ( Table 1 and Fig. S1c ). The DNA G+C content of strains M4-16 T and M4-9 was 50.9 mol% (Table 1) .
16S rRNA gene sequence analysis placed strains M4-16 T and M4-9 in the genus Iodobacter. The results indicated that at the 16S rRNA gene sequence level strains M4-16 T and M4-9 were closely related to each other (with 99.9 % pairwise sequence similarity) and to Iodobacter fluviatilis ATCC 33051 T , the sole member of the genus, with a pairwise sequence similarity of 98.9 %. The pairwise sequence similarity with other members of the family Neisseriaceae was below 93 %. The phylogenetic tree obtained using the maximum-likelihood method (Fig. 1) revealed clustering of strains M4-16 T and M4-9 together, which in turn clustered with Iodobacter fluviatilis ATCC 33051
T with a phylogenetic distance of 1.2 % (98.8 % similarity), and all three together clustered with other members of the family Neisseriaceae. DNA-DNA relatedness between strains M4-9 and M4-16 
Chitinilyticum aquatile c14 T (DQ314581)
Chitinibacter alvei TNR-14 T (FJ593907)
Chitinibacter tainanensis BCRC 17254 T (AY264287)
Jeongeupia naejangsanensis BIO-TAS4-2 T (FJ669217) Andreprevotia chitinilytica JS11-7 T (DQ836355) Andreprevotia lacus GFC-1 T (EU287926) Silvimonas terrae KM-45 T (AB194302)
Silvimonas iriomotensis ir6-1 T (AB326110)

Rhodocyclus tenuis DSM 109 T (D16208) 0.02
Silvimonas amylolytica ir6-4 T (AB326111) T and M4-9 and closely related taxa. The phylogenetic tree was reconstructed using the maximum-likelihood method. Filled circles indicate that the same topology was observed in both maximum-likelihood and neighbour-joining phylogenetic trees. Numbers at nodes are bootstrap values. Rhodocyclus tenuis DSM 109 T (GenBank accession no. D16208) was used as an outgroup. Bar, 0.02 substitutions per alignment position.
the same species (Wayne et al., 1987) but the ,70 % DNA-DNA relatedness with Iodobacter fluviatilis JCM 9044 T (Wayne et al., 1987) implied that the two strains belong to a novel species of the genus Iodobacter. The RAPD-PCR banding patterns of strains M4-9 and M4-16 T were similar as anticipated, but differed from Iodobacter fluviatilis JCM 9044 T (Fig. S2 ).
Phenotypic characteristics that differentiate strains M4-16
T and M4-9 from Iodobacter fluviatilis JCM 9044 T are shown in Tables 1 and 2. Strains M4-16 T and M4-9 differed from
Iodobacter fluviatilis JCM 9044 T with respect to cell size, salinity growth range, optimum growth temperature, pH growth range and optimum, oxidase activity, hydrolysis of complex substrates, carbon substrate utilization, susceptibility to lincomycin, fatty acid, polar lipid and ubiquinone composition (Tables 1 and 2) , DNA-DNA relatedness and RAPD-PCR banding patterns (Fig. S2) . Thus, the cumulative differences that strain M4-16 T exhibits from the above closely related type species unambiguously supports the creation of a novel species of the genus Iodobacter for which the name Iodobacter arcticus sp. nov. is proposed. . All the data are from the present study, except where indicated otherwise. All strains produced violet colonies, had rod-shaped cells, were positive for catalase activity and nitrate reduction, and utilized citrate, malonate and glutamic acid. All strains were negative for lysine decarboxylase, ornithine decarboxylase and phenylalanine deaminase activities, H 2 S and indole production, methyl red and Voges-Proskauer's reaction. None of the strains hydrolysed aesculin, agar, DNA, ONPG, starch, Tween 60 or urea, and did not utilize adonitol, arabitol, cellobiose, D-arabinose, dulcitol, galactose, glycerol, inositol, inulin, lactose, L-arabinose, mannitol, melezitose, melibiose, methyl a-D-glucoside, methyl a-D-mannoside, raffinose, rhamnose, salicin, sorbitol, sorbose, sucrose, xylose, xylitol, alanine, cysteine, isoleucine, methionine or phenylalanine. All strains were sensitive to (mg per disc) amikacin (30), cephotaxime (30), chloramphenicol (30), co-trimoxazole (25), erythromycin (15), kanamycin (30), lomefloxacin (30), nalidixic acid (30), nitrofurantoin (300), norfloxacin (10), roxithromycin (30) and tetracycline (30), and resistant to ampicillin (10), cefazolin (30), cefoperazone (75), cefuroxime (30), colistin (10), penicillin-G (10 units per disc) and vancomycin (30). +, Positive; 2, negative; W, weak; R, resistant; S, sensitive; SF, summed feature; UQ, ubiquinone; PE, phosphatidylethanolamine; AL, unidentified aminolipid; PL, unidentified phospholipid. 5-7 (7) 5-7 (7) 4-9 (6-8) Description of Iodobacter arcticus sp. nov.
Iodobacter arcticus (arc9ti.cus. N.L. masc. adj. arcticus pertaining to the Arctic, the environment from where the type strain was isolated).
Cells are Gram-negative, strictly aerobic, rod-shaped, nonmotile, 0.5-0.6 mm wide and 1.0-1.5 mm long. Colonies on ABM agar are irregular, ,1 mm in diameter, wrinkled, moist, viscous, violet, opaque and flat with curled margins. Grows at 4-30 u C with an optimum growth temperature of 18 u C. Tolerates up to 0.5 % (w/v) NaCl and does not require NaCl for growth. Grows at pH 5-7 with an optimum pH of 7. Catalase activity is present but oxidase, lysine decarboxylase, ornithine decarboxylase, b-galactosidase and phenylalanine deaminase activities are absent. (10), penicillin-G (10 units per disc) and vancomycin (30). UQ-8 is the predominant respiratory quinone with minor amounts of UQ-6. The major polar lipids are phosphatidylethanolamine (PE), two unidentified phospholipids (PL1 and PL2) and one unidentified aminolipid (AL1).
The type strain, M4-16 T (5CIP 1103011 T 5MTCC 11351 T ), was isolated from meltwater stream sediment from the Midtre Lovénbreen glacier, an Arctic glacier. The DNA G+C content of the type strain is 50.9 mol%. Strain M4-9 is an additional strain of the species. 
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